Background: Perinatal stroke is a leading cause of early brain injury, cerebral palsy, and lifelong neurological morbidity. No study to date has examined the impact of raising a child with perinatal stroke on parents and families. However, a large breadth of research suggests that parents, especially mothers, may be at increased risk for psychological concerns. The primary aim of this study was to examine the impact of raising a child with perinatal stroke on mothers' wellbeing. A secondary aim was to examine how caring for a child with perinatal stroke differentially affects mothers and fathers.
Background
Ischemic perinatal stroke is a focal interruption of blood supply in the brain that is caused by the blockage of a blood vessel between 20 weeks of fetal life to 28 days of life [1] . This cardiovascular event occurs in at least 1 in 2500 live births and is a leading cause of lifelong neurological disability. The majority of perinatal stroke survivors experience chronic motor impairments, while other typical outcomes include seizures, cognitive deficits, sensorimotor deficits, and behaviour problems [2] . This condition impacts the child, parents, and family across complex aspects of life and over the child's lifespan. Despite this, no study to date has examined the wellbeing of parents of children with perinatal stroke.
Several studies have examined the wellbeing of mothers of children with chronic neurological conditions, such as cerebral palsy, epilepsy, and developmental disabilities.
These studies suggest that, although many mothers of children with perinatal stroke will adapt well, they may be at elevated risk for psychological concerns. Heightened rates of stress and depression have consistently been found among parents of children with cerebral palsy, while heightened rates of anxiety have been found in response to acute stressors (e.g., child's diagnosis) [3, 4] . Similar findings have emerged in the epilepsy and developmental disability literature with meta-analyses and reviews supporting affected mothers' increased susceptibility to stress, depression, and other mental health concerns [5] [6] [7] . Even though these mothers tend to have an increased risk for psychological concerns, it is important to note that a large portion of them demonstrate resiliency [8] .
Caregivers' quality of life is influenced by their psychological functioning as well as other aspects of wellbeing (health, independence, relationships, beliefs, and environment [9] ). In line with previous research, mothers of children with cerebral palsy and other neurological disabilities tend to report poorer quality of life than mothers of typically developing children [3, 9, 10 ]. An extensive review of 46 studies on mothers of children with cerebral palsy highlights the consistency of this finding within the literature [3] with only two studies failing to find such an effect [9, 11] . Nonetheless, many of these mothers continue to report quality of life within the normal range.
Fewer studies have focused on the paternal impact of raising a child with a neurological disability [12] . The studies that have included fathers have generally found them to have similar or better psychological outcomes than mothers [12, 13] . A meta-analysis of 229 adult caregiver studies found that male caregivers tend to report lower levels of stress and depression in conjunction with higher levels of wellbeing and physical health than female caregivers, although the effects were small to very small [14] . The authors note that these gender differences may stem from females' increased caregiver responsibilities and stressors. Furthermore, other studies have observed gender differences in the ways that parents perceive and cope with stress [15] .
Although there is an emphasis on primary caregivers in pediatric disability research, a family systems perspective is increasingly being employed with an emphasis on parental, marital, and family functioning. In terms of marital functioning, research indicates that there is an elevated risk of divorce and separation among parents of children with disabilities, albeit the effect is smaller than previously believed (i.e., 3-7% increased risk [16] ). Hence, many parents of children with disabilities have marriages within the normal range of function and dysfunction [17] . Some authors still insist that parents of children with disabilities have lower marriage quality and lower marital satisfaction [18, 19] . Alternatively, some authors argue that the challenge of coping with a child's disability can strengthen and enrich an already satisfying marriage [20] .
With respect to family functioning, the results in the literature have largely been mixed. More problematic family functioning has been observed in families with children with disabilities [21, 22] , while other studies have failed to find such an effect [11, 23] . In light of these findings, Coffey suggests that caring for a child with a disability may strain the family system by restricting family activities, but it also may strengthen the family system by bonding family members [24] . Regardless, there is widespread recognition of the value of family functioning and its effect on individual family members.
Despite the overall impact of pediatric disabilities on parents' wellbeing, variation in outcomes exists depending on the type and severity of the child's condition [25] . For instance, condition-specific effects have been observed for epilepsy, cerebral palsy, and pervasive developmental disorder [10, 26, 27] . The differences in outcomes have been attributed to the conditions' unique presentations and associated challenges and strengths. Because no studies to date have evaluated the wellbeing of parents of children with perinatal stroke, the specific impact of this condition is yet to be determined. As noted by Bemister and colleagues [28] , these parents may present with elevated levels of guilt and blame compared to other neurological disabilities. This may occur because parents are aware of the timing of their child's stroke, but they are unaware of a definitive cause; as a result, they may make causal attributions involving apparent events around the time of the stroke (e.g., their actions during the last trimester and/or medical staff actions during delivery).
In addition, differences in caregiver wellbeing have emerged within specific conditions dependent on child, parent, and environmental factors (e.g., child behaviour problems, parent self-esteem, and socioeconomic status [25] ). One commonly researched determinant is condition severity. Even though there are inconsistent findings on this topic, milder conditions have been associated with better outcomes for parents of children with cerebral palsy [25, 27] . These results may be due to the relative reduction of caregiver demands.
The existing literature highlights the importance of examining the maternal, parental, and familial impact of raising a child with perinatal stroke. Many families affected by perinatal stroke remain underserved in our clinical experience, which may be partially due to the paucity of research on this population. Family-based research studies on perinatal stroke may augment the existing literature, as well as enhance existing resources, supports, and services available to affected families. Furthermore, such research is consistent with family-centered care, an increasingly revered service delivery approach for pediatric neurological conditions [29] .
The primary aim of this study is to examine the impact of raising a child with perinatal stroke on mothers' wellbeing, as evident by measures of their depression symptoms, anxiety symptoms, stress levels, quality of life, marital distress, marital satisfaction, and family functioning. A secondary aim is to examine how caring for a child with perinatal stroke differentially affects mothers and fathers. Based on previous literature, it was hypothesized that mothers would have worse outcomes in all domains measured relative to mothers of children with typical development and fathers of children with perinatal stroke.
Methods

Participants
Mothers of children with typical development and mothers and fathers of children with perinatal stroke were identified through the Alberta Perinatal Stroke Project (APSP). APSP is a population-based research cohort of >180 perinatal stroke patients and >50 healthy controls in southern Alberta. Mothers of children with typical development were additionally recruited through a research participation system at the University of Calgary and community advertisements (printed and online). The biological parents of children 0-18 years with a clinicoradiographically confirmed perinatal stroke syndrome (neonatal arterial ischemic stroke, periventricular venous infarction, or arterial presumed perinatal stroke [30] ) and the biological mothers of typically developing children 0-18 years (no known neurological or developmental conditions) were included in this study. Participants were excluded if they had less than nine years of formal education (excluding schooling prior to four years of age) or were unable to fluently read English (based on self-report).
Procedure
Study I and II were conducted concurrently between August 2012 and June 2013 as part of an ongoing research project, and ethics approval was obtained from the Conjoint Health Research Ethics Board at the University of Calgary. Parents were explained the study via telephone or email (depending on their preference), and consent was obtained prior to sending them a link to the questionnaire battery. Individual links were sent to the parents using the online survey software, Qualtrics, which enabled participants to save and alter their responses prior to submission. All participants were given the option to complete paper versions of the questionnaires. The vast majority of the participants received a $10 eGift card in recognition of their contribution, while the participants recruited through the university received one bonus credit toward a course. The data were downloaded from Qualtrics and stored in a secure database at the Alberta Children's Hospital.
Measures Demographics
The Demographics Questionnaire is a 26-item scale created for an ongoing research project [28] to assess relevant background information about the participants, including their age, income, education, and ethnicity (see Additional file 1 for the scale). This questionnaire has not yet been validated.
Anxiety and depression
The Hospital Anxiety and Depression Scale (HADS) is a 14-item scale that measures self-reported symptoms of anxiety (HADS-A) and depression (HADS-D) within the past week [31] . Comprehensive reviews of the HADS suggest it has good reliability and validity in hospital and community populations [32] . Furthermore, the scale is commonly used among parents of children with and without chronic conditions.
Perceived stress
The Perceived Stress Scale (PSS) is a 14-item scale that measures the extent to which situations are judged as being stressful, uncontrollable, unpredictable, and overloading [33] . The PSS has good to very good reliability and validity, and it has been deemed an effective tool for evaluating stress in parents of children with disabilities [34] .
Family functioning and quality of life
The Pediatric Quality of Life Inventory Family Impact Module (PedsQL FIM) is a 36-item scale that measures the impact of pediatric health conditions on parent quality of life and family functioning [35] . The PedsQL FIM generates three scores -Parents' Health-Related Quality of Life (HRQL), Family Functioning, and Total Scoreall of which have demonstrated internal consistency and construct validity [36] . The PedsQL FIM has been widely used among parents of children with chronic conditions, but it is also suitable for healthy controls.
Family impact
The APSP Parental Outcome Measure (POM) is a 26item scale that measures the impact of perinatal stroke on parents and families [28] . As such, this scale was not administered to parents of children with typical development. The POM has three subscales that measure parents' psychosocial impact, guilt, and blame. Evidence for the POM's reliability and validity was gathered in its original validation study with parents of children with perinatal stroke.
Marital strain
Only participants in marital or common-law relationships completed the following scales:
The Dyadic Adjustment Scale (DAS) is a 32-item scale assessing distress in marital or common-law relationships [37] . The DAS is one of the most established questionnaires of its kind, and it has been shown to be theoretically-based, valid, and reliable [37, 38] .
The Kansas Marital Satisfaction Scale (KMSS) is a global measure of marital satisfaction that was administered to complement the DAS [39, 40] . The KMSS is psychometrically sound and consists of three items that assess satisfaction with one's partner, marriage, and relationship [41] .
Study part I: perinatal stroke vs. typical development Statistical analyses
Descriptive statistics for demographic variables were calculated and comparisons were made between the mothers of children with perinatal stroke and the mothers of children with typical development using chi-square analyses for categorical data and t-tests for continuous data. A preliminary examination of the data was conducted using scatterplots and the results revealed substantial variation in the outcome measures among the mothers of children with perinatal stroke. As a result, the mothers were grouped according to the severity of their child's condition: mild and moderate/severe (moderate and severe conditions were collapsed together due to the small sample size of severe cases; see Results for details of this process). Nonparametric statistics were conducted for the rest of the analyses due to the unequal sample sizes and heterogeneity of variance among the outcome measures. Specifically, Kruskal-Wallis H tests were used to compare the groups on the outcome measures, followed up with Mann-Whitney U tests. Bonferroni adjustments were applied to correct for family-wise error rates, and all statistics were conducted with IBM SPSS Statistics for Windows Version 20.0.
Results
Sample
A total of 82 mothers of children with perinatal stroke met the study's inclusion criteria and were recruited as part of a larger ongoing research study [28] . A total of 62 mothers of children with typical development met the study's inclusion criteria and were recruited from community advertisements (n = 34), the university (n = 15), and the APSP control database (n = 13). Among them, 56 were successfully matched to mothers of children with perinatal stroke based on their child's sex, age (±2 years), and total gross family income (±1 category). As highlighted in Table 1 , the mothers of children with perinatal stroke were comparable to the mothers of children with typical development on all of the demographic variables examined.
Mothers of children with perinatal stroke were divided into mild (n = 29) and moderate/severe (n = 27) conditions based on parent classifications. These classifications were in very strong agreement with the results of the standardized Pediatric Stroke Outcome Measure (PSOM; [42] ), which was available for 49 of the 56 cases (Goodman and Krusk's gamma correlation (γ) = 0.75, p < .001). These groups did not differ on any of the demographic variables described in Table 1 (data not shown).
The mild, moderate/severe, and typical development conditions were compared on the outcome variables, the results of which are summarized in Table 2 . Pairwise comparisons with Bonferroni corrections were conducted on all significant findings and are listed in Table 3 . The mothers of children with typical development recruited from different sources were also compared on the outcome variables, but no statistically significant differences emerged (data not shown).
Anxiety and depression
Although no statistical difference was found in symptoms of anxiety among the conditions (HADS-A; p = .35), a statistically significant difference emerged when examining symptoms of depression (HADS-D; p = .002). Pairwise comparisons revealed that the moderate/severe condition (Mdn = 5.00) had significantly more symptoms of depression than the mild condition (Mdn = 2.00, p = .001) and typical development condition (Mdn = 3.00, p = .01). However, no statistical difference was found between the mild and typical development conditions (p = .12).
Perceived stress
A similar pattern was observed in perceived stress among the three conditions, but the results did not reach statistical significance (PSS; p = .08).
Family functioning and quality of life
Significant differences were found among the groups in the PedsQL FIM Total score (p < .001), Family Functioning score (p < .001), and Parent Health-Related Quality of Life score (HRQL; p = .002). Pairwise comparisons showed that the moderate/severe condition (Total Mdn = 53.47; Family Functioning Mdn = 46.87; HRQL Mdn = 60.00) had significantly lower scores (worse functioning) than the mild condition (Total Mdn = 79.86, p < .001; Family Functioning Mdn = 87.50, p < .001; Parent HRQL Mdn = 81.25, p < .001) and the typical development condition (Total Mdn = 78.13, p < .001; Family Functioning Mdn = 84.38, p < .001; Parent HRQL Mdn = 72.50, p = .004) on all three outcomes. No statistical differences existed between the mild and typical development conditions on the outcomes (p = .80 for Total; p = .43 for Family Functioning; and p = .56 for HRQL).
Marital distress and satisfaction
For both measures of marital distress (DAS) and satisfaction (KMSS), the moderate/severe condition tended to have worse outcomes. However, a statistically significant difference was only present for KMSS (p = .017; DAS: p = .25). Pairwise comparisons confirmed that the moderate/severe condition (Mdn = 15.00) had significantly less marital satisfaction than the mild condition (Mdn = 18.00; p = .003). No statistical differences were found between the typical development condition (Mdn = 18.00) and the mild condition (p = .45) or the moderate/severe condition (p = .04) after correcting the p-value for family-wise error rates (p < .017). 
Study part II: mothers vs. fathers Statistical analyses
Mothers and fathers of children with perinatal stroke were compared on demographic variables using chisquare analyses for categorical data and paired samples t-tests for continuous data. For the primary outcome variables, the data were not normally distributed, so Wilcoxon matched pairs signed-rank tests were used throughout.
Results
Sample A total of 56 parents (28 mother-father couples) of children with perinatal stroke participated in this study. The vast majority of the sample was Caucasian (92.86%) and caring for a child with a mild condition (75%). No statistical differences were found between the mothers and fathers on the demographic variables examined with the exception that fathers spent more hours working outside the home compared to mothers (χ 2 (4,56) = 24.83, p < .001; Table 4 ).
Psychosocial outcomes
A series of Wilcoxon matched pairs signed-rank tests revealed that the mothers and fathers did not differ significantly on the majority of the outcome measures after controlling for family-wise error rates ( Table 5 ). The only statistically significant differences were on the measures of anxiety and guilt. The results suggest that mothers have higher levels of anxiety (HADS-A: mother Mdn = 7.00, father Mdn = 5.00; Z = -1.99, p = .023), as well as higher levels of guilt regarding the cause of their child's condition (POM Guilt: mother Mdn = 7.00, father Mdn = 4.00; Z = -2.33, p = .01) in comparison to fathers. Although no significant findings emerged for the remaining outcome variables, an examination of the effect sizes suggests that mothers may have slightly worse functioning than fathers on measures of depression, stress, quality of life, parent impact, and psychosocial functioning ( Table 5 ). However, no differences were observed between mothers' and fathers' reports of marital distress and satisfaction.
Discussion
The purpose of this study was to compare mothers of children with perinatal stroke with 1) mothers of children with typical development and 2) fathers of children with perinatal stroke. Comparisons with the typical development group revealed a promising finding: most parents of children with perinatal stroke adapt extremely well. More specifically, the mothers of children with mild conditions were indistinguishable from the control group in all of the examined outcomes (i.e., anxiety, depression, perceived stress, marital strain and satisfaction, health-related quality of life, and family functioning). Although variation in outcomes was present among the mothers of children with moderate/severe conditions, these mothers tended to have increased symptoms of depression, decreased marital satisfaction, poorer health-related quality of life, and poorer family functioning. This finding is consistent with pediatric disability research, which supports that these parents may be in need of additional resources and services [5] [6] [7] 43] .
Comparisons of mothers and fathers of children with perinatal stroke revealed that mothers have similar or slightly worse functioning than fathers on the outcome variables examined. The only statistically significant differences between the groups were in measures of guilt and anxiety. Mothers tended to have a greater burden of guilt regarding the cause of their child's condition, which is likely due, at least in part, to their exceptionally intimate involvement with their child at the time of the stroke (in utero or during birth). Similarly, mothers tended to have increased levels of anxiety, which is in line with previous research on pediatric disabilities [12, 13] , as well as the general caregiver literature [14] . This finding is also consistent with the small, but not significantly different, gender effects observed in depression, stress, quality of life, parent impact, and psychosocial functioningall of which suggest fathers have better outcomes. These effects may have failed to reach statistical significance due to the limited sample of fathers in the current study. Underrepresentation of fathers in caregiver research is a longstanding issue with recognized barriers involving perceived gender roles, restrictions due to employment, and fathers' limited involvement with health professionals [44] . Swallow and colleagues provide several suggestions to help address the underrepresentation of fathers in caregiver research [44] .
Data from this study build upon the existing disability literature in several ways. Foremost, this is the first study known to the authors that examines the impact of raising a child with perinatal stroke. In order to gather a preliminary and broad understanding of the parent and family impact, a case-control study design and survey methodology was utilized. This study design and methodology enabled the authors to assess seven psychosocial constructs in over 135 participants while largely controlling for demographic variables. In addition, the results of this study elicit clinically relevant questions that lay the foundation for future research studies on perinatal stroke. For instance, future research may evaluate the percentage of parents that meet criteria for psychiatric diagnoses, the impact of parent outcomes on children, and the trajectory of parents' psychosocial functioning as the child progresses through different stages of life.
Based on the results of this study, the family impact of perinatal stroke appears to differ from other pediatric conditions in the preponderance of condition severity on parent and family outcomes. This may be because the participants were recruited from a population-based sample and the consequences of the perinatal stroke varied vastly from neurological normalcy to quadriplegia. In order to fully comprehend how perinatal stroke differs and resembles other pediatric conditions in terms of its family impact, research with chronic disease controls is required.
Limitations
The results of this study must be interpreted within the scope of its limitations. One of the greatest limitations is Note. n = 28 for both groups. All statistical values are X 2 unless otherwise specified. a n = 54. b Rating is based on parents' self-reported perceptions of the severity of their child's condition. c Statistical value is a t-value. d The mothers and fathers are from the same household, and therefore the differences reported in gross family income reflect differences in perception or understanding. *p-value < .05.
that condition severity was determined based on mothers' ratings. Hence, we are unable to eliminate the possibility that mothers' psychosocial functioning impacted their perceptions of their child's condition. However, an objective measure of functional impairment (i.e., PSOM) was available for 87.5% of the cases, and the results of the PSOM were in strong agreement with parent ratings. Because PSOM scores were not available for all of the participants in the study, they unfortunately could not be used as the primary measure of condition severity, and instead they were used to validate parent ratings. Another limitation is the generalizability of the findings. The study sample consisted predominantly of educated mothers of Caucasian descent with gross family incomes of over $70,000 CDN (Mdn in Alberta = $89,830; Canada = $72,240 [45] ). Previous research has shown that socioeconomic status and ethnic minority status are possible predictors of poor coping following the diagnosis of a pediatric disability [46] . As such, the results of this study may underestimate the overall effect of caring for a child with perinatal stroke, and they cannot be generalized to families with different demographic profiles. Future research is needed to assess the family impact of perinatal stroke among more diverse populations, including in regions beyond southern Alberta.
Lastly, this study utilized a population-based sample and included parents of children with a wide range of ages (0.5 to 18 years). Consistent with the study's intent, this provided an overarching picture of the psychosocial effects of raising a child with perinatal stroke. However, several questions remain about the parental effects across the child's lifespan. For example, parental distress is expected to increase in response to initial diagnoses, as well as in response to realized losses of developmental milestones and other triggers for parental recognition of childhood disability [3, 47] . Longitudinal studies would help elucidate this trajectory for parents of children with perinatal stroke and the periods in which they have the highest risk for psychological concerns.
Conclusions
The results of this study may be used to advocate for families affected by moderate/severe perinatal stroke, as well as to expand and enhance existing resources. There is increasing recognition of perinatal or pediatric stroke as a unique neurological condition that merits specialized clinics and services. Similarly, family supports tailored for this specific population have emerged in the past decade (e.g., the APSP Parent Support Group). The results of this study may inform such supports and services by identifying parents at higher risk for psychological concerns (parents of children with moderate/severe conditions), as well as identifying areas of concern (parent depression, marital satisfaction, health-related quality of life, and family functioning). Family-based supports are not only beneficial for the parents, but also the entire family system [48] . Parent wellbeing has been consistently shown to positively influence the health and psychosocial functioning of children with pediatric disabilities [5, 6, 49] . Thus, the results of this study may be utilized by clinicians, policymakers, and researchers to help enhance the quality of life of parents, families, and children affected by perinatal stroke.
